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ABSTRACT
1 q1b77

This report gives the design criteria for wide band phase
realization. The design of passive lattice phase equalizers is intro-
duced. These are all-pass passive networks that can correct the phase
response of a particuler system without affecting its amplitude
response; they have the advantage of requiring no power and have been
proven to give reliable performance in many systems where phase
equalization is required.

The main part of this report consists of the design of a
particular{}gtpicg gqiq}}gg:'thF?”phasg vs.wfrequengy pharacteristic
has the form of an -S- curve. This particular phase characteristic
can be used for phase correction in a wide variety of systems. One
particularly effective method for almost any phase correction required
is to cascade a numbér of these lattice networks designed for a so-

called "staggered' arrangement. '
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WIDE BAND PHASE DISTORTION EQUALIZATION

INTRODUCTION

The departure of the phase vs. frequency curve from a straight
line for a tape recorder accounts for the distortion in a signal thst
is due to the different time delays of the different frequency compo-
nents of the signal.

Since the time delay tq is defined as tg = —gi—-, it is evident
that unless ¢ = kw + ¢ there will be time delay distortion.

It is experimentally observed that the time delay is minimum
for a certain band of frequencies and increases for Ifrequencies outside
this band. Thus it is typical to represent the time delay vs. frequency
curve by a parabola centered at a frequency uy . Then the phase vs. fre-
quency curve has the form of y = AX® + B with its point of inflection
displaced to the right by uy and upwards so that a tangent through this
point will cross the ordinate at the zero or 2nsx point, as shown in
Figure 1.

To compensate for the distortion of the signal arising from
‘such a phase characteristic, a network should be designed which would
have complementary phase vs. frequency characteristics (i.e., and -S-
curve) that is, it would introduce little deley at low and high fre-
quencies and considerable delsy in the center Land of frequehcies.

A typical phase vs. frequency curve is shown in Figure 1, the
minimum delay is essumed tc occur at 100 ke. and the phese variation

is over Un radiens to assure apprcciasble time delay.
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DESIGN PROCEDURE

The basic network of the phase distortion equalizer will be a

lattice network. This network has the advantage over all other passive
two-ports of offering the designer a greater versatility in his speci-

fications. Consider the following lattice network:

The design equations for the symmetrical lattice are the following:

The open and short circuited impedences are

2ZpZp
Zoc = MIat2) ; Tse t G

The cheracteristic (or image) impedance is

Zo = V22

The propegetion constant s given by

y_ adp_ L* V2, /23

e
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It is desired that the lattice network be arn all-pass structure so that
the amplitude characteristic will not need any fuirther compensation.

In order that the symmetrical lattice be an all-pass structure
it is necessary that Z, and Zp be pure reactances of opposite sign at

all frequencies. Under these circumstances

eaejﬂ = —l_.{-__ix—- a_n_d ‘thus Q= 0
1 - jX

Then the characteristic impedance is purely real

Z0 = Ro

Tne simpiest all-pass lattice has the form

Zy = L Zg = C

For this network it can be shown that the phase angle veries
with frequency as

¢ =2 tan"! ko

The slope of the phase vs. frequency curve which represents the time

delay (}d = _92%> is a monotonically deczreasing function of the fre-

aw
quency, thus such a network cannot improve the low frequency phese
response.

Consider the following symmetricel lattice network.
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n order that the lattice structurc be all-pass it is rnevessary that the
ratio Zp/Zp be negative for all m, This is possible !: ii.2 dencminator

of the expression is a perfect square. Thus

LG =LGC, =b  Condition for All-Pass




Z
Then the phaese angle ¢ = 2 tan™? /- —zgm hecomes
¢ = 2 tan™! [———“—)—JI? Ce —]
1-w'lyC
If we let a = Ji,cz
¢ =

2 tan™? [~»m55i-§~]

1 - bw

In order to improve the low frequency phase response it is
desired that the phase vs. frequency response of the equalizing network
have a region where it is concave'upwards, this in turn implies that
the curve must have a point of inflection.

So a relationship between a sud b must be obtained in order
that the curve have a point of inflection.

The slope of the phase curve is given in

g ., 1 { (-1 )a + aw(2bw) } =2 [ a + abu® ]
Aw a2 (1-) (1-® )? + a3%?
LY o)

The point of inflection is given by the condition

]

2
0 - vPuf + 1% +a* - 3b=0 (1)

s

it

The solution

@ - b V1 - 4b(a?-3b)
21°




Couvg

In order that o be a real frequency it is necessary that

-b + V1 - Lkb(a®-3b) > 0

If o >> 1 the condition reduces to

Under this condition there will be one and only one point of inflection

in the phase curve. Equation (1) may be solved for b for two different

valves of a. Thus:
i (for & = b)

2-1 (for a® << b)

The design equations for the network are as follows:

1

(a) L6 = LG = <5

[where @, 1s the desired frequency at whicl the point of inflection occurs]

- Ry = [
(v) Zo = Ro ‘/c,
(c) LG, < hl‘é

It can be seen that the designer has two degrees of freedom.

He can arbitrariliy specify the characteristic resistance and the fre-

quency at which the point of inflection will occur. Vé.luea of the

e 57




ifferent elements must be chosen such that condition ¢ 1is setisfied.

The phase angle is given by

$ = 2 tan~? _Q_Jiﬁi_

ma

YF

TYPICAL DESIGN

Let it be reguired to design a compensating network having the
characteristic of Figure 2 (II), with a characteristic resistance of
100 O and & center (inflection) frequency of 100 kc., and a phase varla-
tion over Ln radiens.

Two identical stages will be used to >btain the phase variation

of In radians. The conditions to be satisfied are:

1 L

C, = = 10

B 10(2x)® x 10'° Ca
2 2
= LaCa =
hG (2r)® x 10*° taCe (2x)® x 10*°
The elements are

=ty 10 Hy = 1 x1007 M ;
h V10 (2x) * o J10 (2x)
c,=—2f1—°x10"’r~'a ;o1g =10 L 1o gy

2n 2n




CONCLUSIONS

Ir the previous example a single phase equalizing network was
designed to compensate the distortion arising from a parabolic time
dealy vs. frequency curve. -

However, it is often common that the time delay vs. frequency
curve instead of being a parabole is essentially flat over a range of
frequencies. Undr- these conditions & single network as the one de-
scribed will not be satisfactory. A considerable improvement should
result if 3 networks having phase characteristics of Figure z (III)
with identical characteristic impedances but center (inflection) fre-
quencies properly chosen to give a considerable and approximately
constant time delay over the center band of frequencies as shown. If
it is desired to have a continuous variation over the shape of the
frequency curve, this cen be done by verying the inductance I, , but
the other elements must be properl, chosen and mechanically linked to
this inductence.
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Time
Delay

e
The lattice network designed can be used as a tasic structure

t0o equalize a wide variety of time delay vs. frequency curves. Consider
for example that the phase vs. frequency curve for a particular tepe

recorder has the form shcwn below.
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This phase variation might be explained in terms of simple RC network
equivalents representing the record and playback systems. This phase
curve indicates that there is a considerable time delay over the center
of the frequency range and very little delay outside the band. Phase
equalization can be provided by constructing two lettice networks in
cascade having identical image impedances, with their inflection fre-
quencies chosen such as to provide a considerable time delay over the
low and high frequency band. The inflection frequency for the first
lattice shoulAd be chosen to be & little less than half the inflection
frequency of the phase curve. For the second lattice its inflection
frequency should be chosen to be approximately twice that of the phase

curve. The slopes could then ve adjusted for best equalization.
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